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I .  Introduction 
Evidence has been presented for the location in 
fiver mitochondfia o f  a steroid 26-hydroxylase 
involved in the formation of  bile acids [1--3].  This 
h/droxylat ion reaction is inhibited by carbon mon- 
o,~de [1,2] and tee inhibition can be reversed by 
light o f  450 nm [4~. The enzyme is thus most likely 
a cytochrome P450.  So far no direct evidence has 
been presented for the existence o f  cytochrome 
P450 in liver mitochondria. 
This communication reports the identification i  
Liver mitochondria o f  a cytochrome P450.  It is shown 
that this enzyme, in the presence of  a previously 
isolated ferredoxin [5~ and a liver mitochondrial 
NADPH-ferredoxin reductase will catalyze the con- 
version of  choleste:,:ol into a more polar product, 
tentatively identified as 26-hydroxycholesterol. 
2. ~ateri~ls and methods 
Rat liver mitochondria were prepared by standard 
procedure i~ ice cold 0.25 M sucrose containing 1 mM 
EGTA and i5 mM Hepes buffer, pH 7.4. The mito- 
chondrial pellet was resuspended 3 times and if not 
immediately processed frozen and stored in l~quid 
nitrogen. 
Cytochrome P-450 was solubilized from the mito- 
chondfia by a modification of  the procedure [6~ as 
described [5].  The concentrations o f cytochromes 
P450 and P420 in the soluble preparation were 
calculated from the CO difference spectrum of  the 
reduced sample [7~. 
The content o f  cytochrome P-450 in intact mito- 
chondria was determined as described irt tlle legend 
to fig, 1. This method will reveM the reduced-CO minus 
the oxidized-CO difference spectrum of  the cyto- 
chrome. A molar extinction difference between 
450 nm and 490 mn of  104 mM -1 cm -1 was used lbr 
calculation [8]. 
Bovine liver ferredoxin was purified as described 
[5]. 
The isolation and purification of  a mitochondrial 
NADPH-ferredoxht reductase will be published else- 
where (Pedersen, J. I. and Godager, t-L, in preparation). 
The optical spectra were recorded at room tempe- 
rature on a Cary 118 spectroph0t0meter. 
The reconstitufion of  steroid hydroxyiase activity 
was essayed in an incubation medium that contained 
in 1.5 ml OA M Maps buffer, pH 7 .4 :1  pznol glucose- 
6-phosphate, 0.5 unit gtucose-6-phosphate dehydro- 
genase, 1 pmol MgC12, and approx. 200 000 cpm 
[lce,2e(n)-3H] cholesterol in 10 tA acetone (spec. act. 
43 Ci/mmot). No unlabelled cholesterol was:added, 
and based on the gas chromatographic determination 
of  the endogenous cholesterol in the soluble cyto- 
chrome P-450 preparation (13 nmoi/nmol P-450) the 
specific activity in the incubation mixture was 
estimated to be approx. 100 0O0 cpm/nmol cho- 
lesterol. The amounts of  enzymes added are Nven in 
table 2. The reaction was started by the addition o f  
50 nmot NADP and continued for 30 rain at 30°C 
under oxygen. The extractior procedure was as 
described [5]. Aliquots of  th~ extracts were injected 
into a Spectra Physics high performance liquid 
chromatographic instrument fitted with a Rheodyne 
injector and a Spherisorb 5/ma silica column (0.3 X 25 
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cm). The, samples were eluted with 5% isopropanol in 
n-hexane at a f low rate o f  0.4 ml/min.  One fraction/ 
n:in was collected in counting ~als. The solvent was 
evaporated, counting solution was added and the 
samples zounted -_:~ a Tri-Carb tiquid scintil lation 
counter. Some incubation extracts were also sub- 
jected tc thin-layer chromatography [1] .  The solvent 
was bem:ene :ethyl acetate (1 : I ). Zones containing 
radioactivity were scraped directly into counting vials 
and couo.ted as above. 
Protein was determined by  the l_~wry method [0].  
26-hydroxycholesterol  was the generous gift o f  
Dr I. Bj&rkhem, Huddinge Hospital, Sweden. 
25-Hydroxycholesterol  was purchased from Steraloids 
Inc., Wilton, USA. 
All other chendcals and biochemicals were stan- 
dard coramerciai high purity materials. 
3. Results 
3.1. Detect ion o f  cytochrome P-450 in intact rat liver 
mitochondria 
The detection o f  cytochrome P-450 in intact mito- 
chondfia by  the typical CO difference spectrum is 
difficult due to interference by the CO complex o f  
reduced cytochrome oxidase. Using a procedure 
similar to the one described [10] it is possible to 
overcome this diff iculty and a CO complex o f  reduced 
cytochrome P450 can be detected in rat liver mito- 
chondria (fig. 1). 
The exper iment described in fig.1 is based on the ' 
following: 
In the reference cuvette the terminal part o f  the 
mitochondrial respiratory chain is completely 
reduced by succinate. Reversal o f  electron flow is 
inhibited by rotenone. Reduction o f  NADP by  
endogenous substrates via the energy-dependent 
transflelwdrogenase i  inhibited by maintaining 
low energy condit ion in the presence o f  valino- 
mycia.  In the sample cuvette mammal  reducing 
and tdgh energy conditions are ensured by  succi- 
nate and malate in the presence o f  ATP. After 
anaerobiosis and CO addition to both mitochon- 
drial suspensions a reduced cytochrome P450 
species becomes detectable in the sample cuvette 
by tke A4so max (spectrum A). 
Upon subsequent  add i t ion  o f  d i th ion i te  to  the  
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Fig.IL. Complete ly - reduced minus  part ly - reduced di f ference 
spectra o f  carbon mono×ide  treated intact  rat  Hver mi tochou-  
dria. Rat  liver ml tochondr ia  were suspended at  a concentra-  
t ion of I. ~6 mg protein/ml in a medium containing 0.11 M 
KCI, 30 mM Hepes buffer, oH 7.4, 1 mM EDTA, 2 mM 
MgCI= and 10 mM sueeinate. "Hm suspension was equally 
divided into a sample and a reference cuvette and n i t rogen 
was bubb led  through both .  A f ter  aaaerobios is  5 mM malate 
and 1 mM ATP were added to the sample cuvette and 5 t~M 
rotenone and 4 #M valinomycm to the reference cuvette. 
The basel ine was repeatedly  recorded unt i l  it became stable 
as shown in the figure (B.1.). CO was  then bubb led  threugit  
both  cuvettes and the di f ference ~,pectrum (A) was recorded.  
Af ter  a Aas o max was atta ined 0.5 mM di th ioni te  (dissolved 
in anaerobic  1 M T~s  base)  was  ,~tded to the sample cnvette 
and the di f ference spect rum (B) was recorded.  
sample an insignificantly small further reduction is 
seen (fig. 1, spectrum B). This shows that all reducible 
mitochondria! piojnents are completely reduced by  
the substrates added_ 
The amount  o f  cytochrome P-450 was calculated 
from fig.1 to be 0.1 nmol /mg mitoehonddal  protein 
(0.12 nmol /mg protein when based on the reduction 
by  dithionite). 
The CO-bindio.g pigment with an A4zo max (rigA) 
has not yet been identified. No hemoglobin wa~ 
detected in the prepa:adon.  It might, however: 
represent contaminating methemoglobin,  that 
becomes more reduced by  N_.&DI-I in the sample 
than in the reference cuvette [t  i ] .  
3.2. Solubil iza~on o f  cytochrome P-450 f rom rat 
liver mitochondria 
By the  so lub f l i za t ion  procedure  descr ibed  [5 ]  i t  
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Table 
Content of cytochrome P450 in rat liver mitochondria 
Total Speck~ic ontent  Total amgunt 
protein eyt_ P-450 eyt. P-450 
(rag) (nmel lmg protein) (nmol) 
Mitochondria 831 
Soluble 
preparation 93.4 
0.10 
0.16 
83.1 
14.9 
J anuary  197-~ 
was possible to solubilize cytochrome P-450 from rat 
liver mitochondria with a specific content o f  0.16 
nmol /mg protein (table ~). Ftfis corresponds to a 
purif ication factor o f  1.6 and a yield o f  18%. The 
reduced-CO difference spectrum of  this preparation is
shown in fig.2. The peak at 420 nm shows that a 
small fraction (at most 25%) o f  the total CO-binding 
heme is accounted for as cytochrome P420.  
3.3. The cytochrome P-450 reductase component~ o f  
rat liver mi tochondr ia  
Reduction o f  cytochrome/9-450 by NADPH in 
adrenal mitochondrial  [ 121 or chick k idney mito- 
chondrial [13] hydroxy|ase systems invoJves a ferre- 
doxin type iron-sulfur protein in addition to a 
NADPH-ferredoxm reductase (a FAD containing 
fiavoproteLn) [12,14].  It was assumed that the liver 
mitochondrial  cytochrome P-450 described here also 
depended on two similar components  for enzymatic  
act i~ty.  
A mitochonddal  ferredoxin has already been 
isolated and part ly purif ied f'rorn bovine liver and 
shown to  be  act ive  in  a reconst i tu ted  hydroxyiation 
reaction [5].  A similar ferredo×in couM atso be 
isolated from rat liver mitochondria (Pedersen, J. I., 
unpublished). Although enzymatical ly active, this 
component  was rather impure and the bovine liver 
ferredoxdn was therefore used in the reconstitution 
experiments reported below. 
In the supernatant o f  the rat liver mitochondrial  
sonicate a NADPH-ferredo~n reductase could be 
detected  by  i ts  ab i l i ty  to  reduce  cytochrome c with  
NADPH in the presence o f  adrenal ferredoxin. This 
reductase has been purified al~d shown to  be a flavo- 
protein with properties rather similar to the adrenal 
ferredoxin reductase (Pedersen, J. I. and Godager, H., 
in  p reparat ion) .  
3.4. Reconst i tut ion era  liver mitochondrial  steroid 
hydroxylat ion system 
That the three isolated enzyme components  
function in a steroid hydroxylat ion systera is demon- 
strated by the reconstitution exper iment shown in 
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Fig.2. Difference spectrum of  the carbon monoxide complex 
of  reduced cytochrome P-450 solubflized from iat liver 
mitochondria. A cytoehrome P-450 preparation contahlfhn 
1.8 mg proteh~/m! ha 0 . I  M potass ium phosphate  buffer~ 
pH 7.4, 25% glycerol and 1 mM dithiothreitol  was equally 
divided into a sample and a reference cuvette. The baseline 
(B.L) was recorded after bubbling o f  nitrogen and addit ion o f  
0.6 mM dithionite to both euvettes. After bubbling CO 
through the sample for 60 s the difference spectrum was 
recorded. 
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Table 2 
Hydroxylat /on of  cholesterol  by soluble enzyme components  from l/seer mitochondr ia  
January 1978 
Compo~.xents present in 
incubat ion medium 
Incubat ion umber  
1 2 3 4 
Rat liver mitochondr ia l  
cy tochrome P-450 (nmol)  
Bovine liver mitochondr ia l  
ferredoxin (nmol)  
Rat  liver mitochondf ia l  
NADPH-ferredoxin reductase (units) a
Product  format ion (%) 
0.162 0A62 0.162 0.162 
0.18 0.18 
- -  5.12 5.12 
0 0 3.2 14.1 
a One activity un i t  is def ined as the amount  of  enzyme catalyzing the reduct ion of  1 nmol  
cytochrome c/min by NADPH in the pzesence of  excess adrenodoxin  under  the condit ions 
described [5] 
For  incubat ion condit ions ee Materials and methods 
tab le  2.  I t  is seen  that  l iver  rn i tochondr ia !  cy tochrome 
P -450 i:t the  presence  o f  fe r redox in ,  fe r redox in  
reductaae  and  NADPH ~511 cata lyze  the  convers ion  o f  
choleste rol into a more polar product (fig.3). On thAn- 
layer chromatography the product was found to co- 
migrate  w i th  25-hydroxycho les tero l  and  26-hydroxy-  
chelest,:rol (not shown). Since rat liver mitochondfia 
catalyze the hydroxylat ion ofcholestero!  almost 
exc lus ive ly  in  the  26  pos i t ion  [3]  i t  is tentatbee ly  
suggested  that  the  product  o f  the  react ion  represents  
26-hyd~-oxycho les tero l .  
4. Discmsion 
By a ~dghly efficient solubilization procedure it
has  been poss ib le  to  i so la te  a cy tochrome P -450 f rom 
rat  l i ver  mi tochondda.  The  presence  o f  such  a heme 
protein in these mitochondria was antecipated by 
previous findings of a steroid hydroxylation reaction 
that was inhibited by CO [1,2] and the reversal o f  
the  inh ib i t ion  by  l ight  a t  450  nm [4] .  
It can be argued that the cytochrome P-450 
described in this report represents a microsomal 
contaminant. ~ere  are two strong arguments against 
such a view. First, the CO-sensitive pigment detected 
in the mitochondrial preparation was almost com- 
pletely reduced by  imi tochondr ia !  subst ra tes  ( f ig . l ) .  
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Fig.3. Hig~ pezfor~a~ce l iquid chromatography of  the 
c I~dorofo~/methanoJ  extract  of  the incubat ions co~t ;a~mg 
the reconst i tuted steroid hydroxylase components.  I~e  
incubat ion condit ions as wel~ as the extract ion and 
chromatography are given in MateriMs and methods.  The 
results shown co~espon~ to incubat ion No. 4, table 2, i.e., 
the complete system (o - - - * ) ,  and i~cub~on No. 2, i.e-, 
w i thout  ferredoxin (o . . . .  o). 
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Since no significant further eduction was seen upon 
addAtion of  dit~onite the rnicrosomal contarrdr~ation 
must be extremely small. The second and most 
important argument is the absolute dependence on 
ferredoxJn for catalytic activity of  rids cytochrome 
( tab le  2~ f ig,3) .  No  such  dependence  has ever  been  
demor~st ra ted  for  l iver  mic rosorna l  cytochrome 
P-450  [ !  5 ] .  I t  m~st  there fore  be  conc luded  that  Hver 
cells contain two essentially different forms of  cyto- 
chrome P-450 ~th  different subcellular ~ocation and 
different mechanism of  reduction. 
During the preparation of  this manuscript addi- 
tional spectral evidence for the presence of  cyto- 
chrome P-4 50 in liver mitochondria has been published 
[16]. The reported content, 0.15 nmo~/mg mito- 
chondda! protein, is in good agreement with the 
f igures presented  in th is  paper .  
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